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1.0 Executive Summary

The global coil model presented in earlier project memos(
&
) is used here to study the effects of imposing vertical displacement constraints at the top and bottom of the TF coil on stresses from the most limiting operating conditions. 
The analysis shows that forcing the coils to have vertical displacements which are compatible with the SS support castings produces a favorable stress condition. This limits the travel of the TF coil when it operates, particularly at high current levels (i.e., 16.2 kA, 0.5 T). The reduction in the maximum stress level is ~40% for the 0.5T condition. A slightly greater reduction in stress from a more extreme 1.7 T High-β 0.5T TF operating condition should result in greater flexibility space for the coil system. In fact a quick fatigue calculation indicates that the revised support configuration can accommodate this operating condition for all 130,000 design cycles. 
It is worth noting that [accidentally] cooling the TF coil to 85K while maintaining a room temperature (RT) TF support structure will produce stress levels which are ~7% greater than the worst-case electromagnetic operating condition. This event can be tolerated, but it is probably worth minimizing the number of such occurrences.
2.0 Structural Results
A plot of the 120˚-symmetric global model is shown in Fig. 1. The WP is represented by an orthotropic smeared material which matches the structural characteristics of the 3x4 array with Kapton/S2-glass insulation.

Fig. 2 shows plots of the stress intensity in the smeared and detailed (hybrid model) WPs when the TF coil is energized to 0.5 T (16.2 kA). All other coils are off. In both cases, the support configuration provides vertical restraint at the bottom of the TF coils. Global model results are perfectly symmetric, indicating that the structure, boundary conditions, and constraint equations seem to be working properly. The maximum smeared stress of 42 MPa is compared to a Cu conductor stress of 89 MPa from the hybrid model. This presents a stress ratio of 2.1. That is, the smeared model stresses should be scaled by a factor of 2.1 in order to estimate the stress in the Cu conductor. 
When the coil is supported vertically from the top and bottom by imposing displacement constraints equal to the contraction of the SS structure, the stresses are as shown in Fig. 3. For 0.5 T operation the maximum stress in the TF coil is 25 MPa, 40% less than the bottom support only configuration shown in Fig 2a. It is nice to see that the smeared WP stresses are very small at 85K before the coil is energized (Fig. 3-lower). 

If the coil is cooled to 85K while the support structure remains at RT, the maximum stress reported in Fig. 4 is 57 MP. This scales to 120 MPa in the Cu, which is not much different than the hybrid model results. 

Fig. 5 shows the effect of supporting the TF coil from below only (upper plot) and from the top and bottom on stresses from 1.7T high-β reference scenario at t=0.24 s with the TF coil at 0.5 T. The upper plot shows a maximum stress and deflection of 98 MPa and 18.3 mm. The lower plot shows a maximum stress and deflection of 53 MPa and 9.8 mm. This is a substantial reduction in stress and scales to a Cu stress of 111 MPa and makes it possible to reconsider operating at high TF currents during reference scenario pulses.
Let’s perform a simple fatigue evaluation to get an estimate of the life for this extreme operating condition. Similar to the approach used in an earlier memo
 an equivalent alternating stress is calculated:

σeq (tension) = σalt / {1 - σmean/σut} = (111/2)/{1-56/340} = 66 MPa

Entering the design-basis fatigue curve with this 66 MPa equivalent alternating stress yields a fatigue life of ~200,000 cycles. This is greater than the 130000 design life, indicating that the TF coil will be in reasonably good shape when supported vertically from above and below.
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Fig. 1 Global Smeared WP Model
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Fig. 2a Stress in Global model TF WP supported from below (0.5T TF, Uniform 85K)
Fig. 2b Stress in Hybrid
 model TF WP supported from below (0.5T TF, Uniform 85K)
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 Fig. 3 Stress in Global model TF WP, supported from the top & bottom: UZ=-/+Z(13μ/K)(300-85)

Upper Plot: 0.5T TF & 85K
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Lower Plot: 0.0T TF & 85K
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Fig. 4 Stress in Global Model WP, 85K Coil, 300K Structure

TF supported from the top & bottom: UZ=0
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Fig. 5 Stress Intensity in Smeared WP from 1.7 T High Beta Scenario, t=0.24 s, I(TF)=+16.2 kA
 Upper Plot: Supported from bottom only
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Lower Plot: Supported from top and bottom
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